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Summary. In the search for a reliable hexahedral meshing algorithm on arbitrary geometry
assemblies, a new algorithm is being studied called Unconstrained Plastering'. The goal is to
generate conformal all-hexahedral meshes on any geometry assembly. Unconstrained
Plastering is a new unproven idea. Implementation on a prototype has begun. Although the
authors are optimistic, evidence of its reliability is still forthcoming.

1 INTRODUCTION

The goal of finding an algorithm to robustly generate high quality conformal all-
hexahedral meshes on any geometry assembly remains elusive. Unlike tetrahedral meshing,
where reliable methods are available?, the additional constraints imposed by hexahedral
topology makes the hexahedral meshing much more difficult.

For quadrilateral mesh generation, Paving® has been an effective means of generating all
quad meshes on arbitrary surfaces. Paving starts by meshing the boundary curves of the
surfaces, followed by the definition of fronts and front states based on angles between
adjacent boundary mesh edges. Using an advancing front technique, these fronts are
advanced inward using a variety of connectivity techniques until only small unmeshed voids
remain at the center. These unmeshed voids are simple polygons, usually bounded by six or
fewer mesh edges. Simple template meshes are inserted into these voids.

The 3D corollary to Paving is Plastering™”. Like Paving, Plastering first begins by pre-
meshing the boundary. In 3D, this requires paving the boundary surfaces of the volumes.
Fronts with states are defined and advanced inward using an advancing front technique
similar to paving. However, the additional constraints imposed by hexahedral topology cause
the Plastering algorithm to break down. The unmeshed voids that remain are typically very
complex polygons with closely spaced and randomly oriented quadrilaterals. Plastering is
only able to resolve these unmeshed voids on simple models.

The root cause of Plastering’s inability to resolve the remaining unmeshed voids is its
attempt to honor an apriori boundary quad mesh. Plastering is what is called an Outside-In
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method, which meshes the outside of the volume first followed by attempting to fill the
inside. Outside-In methods are attractive because they ensure the ability to mesh assemblies
with conformal meshes. However, in the case of plastering, the apriori boundary quad mesh
is the very cause of the algorithm’s failure.

This presentation will introduce a new algorithm called Unconstrained Plastering', which
uses an advancing front approach similar to Plastering. However, the advancing fronts
advance unconstrained layers of hexahedra from an unmeshed volume boundary. The final
boundary mesh is a result of the interior meshing process. The drawback to Unconstrained
Plastering is its inability to honor a pre-defined boundary quad mesh. However, this is
outweighed by the prospect of generating conformal hex meshes on any geometry assembly.

There have been other hexahedral meshing algorithms presented that also remove the
constraint of an apriori boundary quad mesh®’. These methods can be classified as Inside-Out
methods since they first mesh the interior of the volume, usually with an octree-grid method,
which is then fitted to the boundary. However, these Inside-Out methods give no ability to
create conformal meshes on assemblies. Unconstrained Plastering is able to generate
conformal meshes on assemblies provided the entire assembly is meshed at once.

2 UNCONSTRAINED MESH GENERATION

As mentioned previously, implementation on a full 3D prototype of Unconstrained
Plastering has begun. This abstract introduces the concepts with a 2D example. The
conference presentation will extend the 2D algorithm to 3D.

2.1 Unconstrained Mesh Generation in 2D (Unconstrained Paving)

Figure 1 through Figure 12 illustrate a simple surface being meshed with Unconstrained
Paving. Unlike traditional paving, the boundary curves have not been pre-meshed in Figure
1. Figure 2 shows the advancement of a single unconstrained row. Since the boundary is not
meshed, this row is unconstrained. In other words, this row is free to have as many
quadrilateral elements as desired. In Figure 3 an additional unconstrained row has been
advanced. Since this additional row crosses the previously defined row, a single quadrilateral
element is formed where the 2 rows cross. Additional unconstrained rows are advanced in
Figure 4 through Figure 9. Only where 2 rows cross is a quadrilateral element formed. At
this point, the various regions of the surface can be categorized as either quad elements
(shaded gray, where 2 rows have crossed), unmeshed void (patterned, where no rows have
crossed, or connecting tubes (white space, where one row has crossed). The connecting tubes
connect the unmeshed void to the boundary such that the unmeshed void is free to be meshed
with as many divisions along any of its edges, leaving it completely unconstrained. Figure 5
and Figure 6 show what happens when opposing fronts collide. The process continues until in
Figure 9 the unmeshed voids are approximately 1-2 times the desired element size. At this
point, the connecting tubes are analyzed and refined until they are of appropriate size as
shown in Figure 10. Each unmeshed void is then resolved by splitting one of the adjacent
connecting tubes and collapsing the unmeshed void. In the general case Midpoint
Subdivision® can be used to resolve these unmeshed voids.
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2.2 Unconstrained Mesh Generation in 3D (Unconstrained Plastering)

In 3D, Unconstrained Plastering advances unconstrained
layers of hexahedra. Before any intersections with other layers,
the number, size, and orientation of the hexahedra in a layer is
left unconstrained. When two unconstrained layers cross, an
unconstrained column of hexahedra is formed, which fixes the
orientation of the hexahedra in this column, however, the size
and number is left unconstrained. Only when 3 unconstrained
layers cross is the size and orientation of a single hexahedral
element fixed. In the general case, the unmeshed voids are
re;solved gsing Midpqint Subdivis%ong. Figu're 13 shows a Figure 13 Simple solid meshed
simple solid meshed with Unconstrained Plastering with Unconstrained Plastering

3 CONCLUSIONS

The concept of meshing surfaces and volumes by advancing unconstrained layers of quads
or hexahedra has been introduced. More details will be provided in the conference
presentation. Although valuable as a thought experiment, implementation of Unconstrained
Paving is not planned since traditional paving meets quadrilateral meshing requirements.
However, implementation has begun on a full 3D prototype of Unconstrained Plastering.
Once implementation progresses, the flexibility and robustness of Unconstrained Plastering
will be determined. Subsequent publications will present additional details as the research
matures.
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